established prenatally by amniocentesis, which was performed because of a strong family history. The child's mother and maternal grandmother had been diagnosed with Crouzon's disease, but this was more likely to have been unrecognized Muenke syndrome. The patient's grandmother underwent strip coronal synostosis release as an infant and then at age 29 underwent a frontal bone remodeling/maxillary reconstruction procedure. Her postoperative course was complicated; on postoperative Day 2 neurological decline, severe hyponatremia, seizures, and cardiopulmonary arrest developed. She was resuscitated, but a postresuscitation CT scan demonstrated evidence of cerebral edema and, eventually, uncal herniation. She subsequently progressed to brain death.
At 1 month of age, our patient's anterior and posterior fontanels were open and soft. There was bridging across both coronal sutures resulting in synostotic brachycephaly with restriction in the supraorbital region. By 7 months, his head circumference was above the 95th percentile for his age group, and he had noticeable craniofacial abnormalities, including frontal bossing, turricephaly, brachycephaly, and an impalpable anterior fontanel. The bilateral coronal sutures were fused with advancement of the sphenoid wings bilaterally (Fig. 1 ). Bifrontal craniotomy with frontoorbital advancement was planned for the following month.
Operations and Complications
A bifrontal craniotomy with bilateral parietal craniotomies for frontoorbital advancement was performed at 8 months. During the bifrontal craniotomy and orbital bar removal, 2 durotomies occurred and were repaired primarily. The patient tolerated the procedure well. Twelve hours after surgery, the subgaleal Hemovac drain output was 365 ml, and a CSF leak through the durotomies was suspected. The patient developed a precipitous decline in mental status, with bradycardia and hypertension. A head CT scan demonstrated findings of subarachnoid hemorrhage in the cerebellar folia with moderate surrounding vasogenic edema and effacement of the fourth ventricle (Fig. 2) . There was also a small amount of subdural hematoma layering along the tentorium. He was emergently intubated, given mannitol, and resuscitated and was then taken to the operating room for a posterior fossa decompression. A wide suboccipital craniectomy was performed. The dura was found to be pulsating spontaneously without evidence of tension. Ultrasound visualization demonstrated an open fourth ventricle and visible tips of the cerebellar tonsils. The patient's vital signs were stable throughout the operation. After extubation the patient demonstrated stridor that was responsive to racemic epinephrine, and he was weaned to room air a day later. He remained stable for 3 days following the operation and then developed several episodes of bradycardia. A head CT scan revealed progression of the hydrocephalus due to obstruction from the posterior fossa edema (Fig. 3) . The patient was emergently taken to the operating room for insertion of an intraventricular catheter. He was extubated and stridor was noted again. He demonstrated bradycardia that was unresponsive to mechanical ventilation and infusion of hypertonic saline. Two days later, he developed a dysconjugate gaze and had persistent ICP elevated over 25 mm Hg. Head CT demonstrated persistent cerebellar edema with a small fourth ventricle and compression at the cervicomedullary junction (Fig. 4 left) . The patient was taken to the operating room for a revision of the suboccipital craniectomy and a duraplasty to further decompress the brainstem. Following this fourth procedure, he was noted to have an acute increase in ICP with sustained pressure recordings above 27 mm Hg. An MR venogram confirmed the presence of a venous sinus thrombosis in the left transverse and sigmoid sinuses (Fig. 4 right) . Anticoagulation with unfractionated heparin was initiated, followed by low-molecular-weight heparin. The rest of his hospital stay was prolonged but uncomplicated. The patient was discharged with mild esotropia that did not require treatment. He completed anticoagulation therapy without any further sequelae of the venous sinus thrombosis.
At age 2 years, he presented with bacterial meningitis and generalized tonic-clonic seizures, which were controlled with antiepileptic medication. He remained seizure free for 3 years and medications were weaned. There were gross motor and speech delays. At age 5, he is meeting motor milestones. Delays in speech development persist, such as stringing together of 2-to 3-word phrases. He underwent scar revision and filling of temporal hollowing with fat grafts without complication.
discussion
Remote cerebellar hemorrhage (RCH) is a rare complication occurring in 0.12% to 3.5% of supratentorial surgeries. 20 It has been reported to occur with craniotomies for removal of supratentorial cerebral content or CSF. RCH has a typical appearance on CT imaging, with curvilinear collections of blood that parallel the superior folia and horizontal fissure and extend toward the tentorium. This appearance is referred to as the zebra sign (Fig. 2) . While RCH can be observed in postoperative images of asymptomatic patients and can have a benign course, 3, 7 it can also present with cerebellar and brainstem dysfunction. 5 RCH can occur after craniosynostosis repair and may increase the risk for upward supratentorial herniation.
The mechanism of RCH from supratentorial procedures is not completely understood. However, numerous theories have been proposed (Fig. 5) . König et al. were the first to suggest a reciprocal relationship between the removal of supratentorial contents, such as tumors or CSF, and a resulting rise in venous pressure eventually leading to hemorrhage. 15 Later, Yoshida et al. suggested that excess CSF drainage causes stretching of the superior vermian vein and its tributaries, which leads to hemorrhage. 21 Friedman et al. agreed with the downward displacement theory but speculated that cerebellar sag and venous occlusion lead to hemorrhagic venous infarction. 9 Honegger et al. disagreed with previous theories and suggested that postoperative suction of excess supratentorial CSF results in a negative pressure gradient that damages the venous channels and capillary bed of the cerebellum. 11 Honegger et al. also noted that deliberate obliteration of supracerebellar veins during infratentorial supracerebellar surgery does not produce cerebellar hemorrhage, thereby discrediting the belief that cerebellar veins are the culprit behind RCH.
Although there is still a fair amount of debate over the exact pathomechanism of RCH, a general consensus exists regarding certain risk factors, including arterial hypertension, intraoperative opening of the cisterns, excessive amounts of acute postoperative CSF drainage, large resection cavities, and drain insertion. While the focus of our report is on supratentorial procedures, it should be noted that acute loss of CSF after spinal procedures may also cause the same subarachnoid bleeding pattern in the cerebellum. 13 In our case, RCH was observed after a large amount of supratentorial CSF fluid was drained.
Postoperative CT imaging can help diagnose and assess the natural evolution of the hemorrhage. 3 The zebra sign is a curvilinear collection of blood that parallels the superior folia and horizontal fissure and extends toward the tentorium after spinal or supratentorial procedures that lead to CSF loss. 5 Postoperative imaging can further demonstrate early signs of upward herniation, such as compression and slight posterior flattening of the quadrigeminal plate cistern. Severe RCH is characterized by herniation of the vermis, which results in plugging of the incisura, complete effacement of the cistern, and flattening of the posterior third ventricle. Obstructive hydrocephalus may also occur with moderate or severe herniation.
Mortality rates due to spontaneous cerebellar hemorrhages can range from 20% to 75%. However, the rate of RCH following supratentorial craniotomy is lower, ranging from 7.8% to 14.8%. 4, 16 Many studies have used management approaches similar to those used for spontaneous cerebellar hematoma, even though the natural history of the two entities is different. 14 The literature on the management of RCH is limited to retrospective clinical studies of small cohorts, mainly adult patients. RCH after a supratentorial craniotomy can be treated conservatively or decompressed using a ventricular drain or craniectomy with good clinical outcomes. 4, 10, 12, 16, 19 With excessive loss of CSF and RCH observed on CT imaging, drains should be discontinued to prevent exacerbation of the RCH. 4 Other authors have recommended against the use of suction drainage 11, 21 and intraoperative mannitol for procedures at higher risk of RCH (hemorrhage severity and patient age).
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In this report, a postoperative drain to bulb suction was placed due to the large craniotomy and bleeding. We would not recommend wall suction with or without dural tear. Thumbprint suction can be applied with a JacksonPratt drain, or the drain may be set for minimal negative pressure to avoid draining a large volume of CSF. A direct causal relationship between the use of postoperative drainage and RCH has not been established. 9 The difficulties in establishing a direct relationship may be due to the rarity of this complication. In a retrospective cohort analysis, Huang et al. were able to demonstrate a significant correlation between postoperative epidural drainage amount (221 ml, as opposed to 100 ml in the control patients) and RCH at 4 hours postoperatively. 12 Drain output should be cautiously observed for volume and quality to avoid excessive CSF drainage, especially in the immediate postoperative period. If drainage is due to scalp bleeding, removing the drain can lead to compression by an epidural hematoma, which may cause downward herniation.
Redistribution of CSF between the spinal and supratentorial compartments is expected after drain removal. If RCH is suspected, infusion of Ringer's solution to replace lost CSF can be beneficial if obstructive hydrocephalus has not developed. 4 The development of obstructive hydrocephalus would require a ventricular drainage system. 4 Larger hemorrhages or signs of herniation may indicate the need for immediate surgical decompression. The decision to intervene is ultimately based on the patient's clinical course and findings on CT imaging.
Cerebral venous sinus thrombosis was diagnosed in the patient following the fourth operative procedure. Thrombosis of the cerebral sinuses can result in increased vascular pressure, parenchymal hemorrhage, and decrease CSF absorption, causing an increased ICP and increased risk for herniation. 17 It is possible that the venous sinus thrombosis was a missed event, since we did not have a prior venogram that would have established the timing of the thrombosis during the sequence of events. Acute control of elevated ICP must be achieved in the safest way possible. Controlling the high ICP in the present case was difficult. Hyperosmolar agents should be administered to patients at risk for herniation, 8 but the use of mannitol may have precipitated the sinus thrombosis due to its dehydrat- ing mechanism. Alternatively, hypertonic saline can be used if there is a concern for a hypercoaguable state or the precipitation of a sinus thrombosis.
It is difficult to confirm our hypothesis without data regarding the change in ICP following CSF drainage; however, it correlates with previous published reports. The pathophysiology may also be different in the young pediatric population. Typically the cranial cavity is not rigid in infants as the cranial sutures can continue to expand. In cases of syndromic craniosynostosis, an increase in intracranial volume will more likely result in a larger increase in ICP than in an infant with open sutures. RCH is extremely rare in children, 18 and our case report may describe the youngest patient to incur RCH after a supratentorial craniotomy procedure.
Conclusions
Frontoorbital advancement for syndromic craniosynostosis led to an acute change and imbalance in the volume of all intracranial contents (blood, CSF, cranial vault capacity) in our patient. This imbalance caused an acute neurological deterioration. The loss of CSF from the supratentorial compartment ultimately caused upward herniation through a variety of proposed mechanisms. We identified RCH and venous sinus thrombosis during the clinical decline of our patient, and these may have caused or increased the risk for upward herniation. We recommend an increased awareness of these rare clinical complications in treating pediatric patients with syndromic craniosynostosis and loss of high volumes of CSF.
